Overview and Recommendations

overwhelmingly successful (see Chapter 10). Continuing education could contribute to
an improved appreciation of this interplay and to the needed transfer of information.

NONFUEL MINERAL SUPPLY

In forecasting the availability of mineral resources, considerable attention has been
devoted to the adequacy of mineral supply, particularly the ratio of reserves to cu-
mulative demand, as noted in Table 1. Other forecasting efforts have been directed
toward estimation of economic or possibly economic resources; present and probable
future demands; the probable magnitude of undiscovered resources; the evaluation of
real or potential shortfalls; and the use of substitutes, recycling, and conservation to
stretch our resources.

Despite these efforts there remains a long-standing controversy between the "catas-
trophists," who foresee the future exhaustion of mineral resources, and the "cornuco-
pians," who insist that we merely need to modify technology to tap unlimited resources.9
The truth probably lies somewhere between these two extreme positions, but attempts
to define the availability of minerals have been thwarted by (1) the gross inadequacies
of existing geologic data, (2) a lack of adequately tested models or methods to predict
the presence and magnitude of mineral deposits, and (3) an inability to forecast pertinent
economic and social factors, Although we address only the first two problems here, the
third must not be forgotten.

Some resources, such as the number of trees, the acres of arable land, or the quantity
of possible hydroelectric power, can readily be measured or estimated. A few resources
are effectively "without limit" compared with the present or projected needs of our
civilization, e.g., magnesium in the oceans and iron and aluminum in common rocks.
The extent of some other mineral resources is known with a fairly high degree of
precision, e.g., approximately how much coal is potentially recoverable from a certain
area at the present level of mining technology. We could therefore predict the duration
of the supply at a given rate of production. Oil reserves are harder to evaluate10; the
wide range of recently published reserve estimates bears testimony to this. It is even
more difficult to make anything but rough estimates of the resources of metals such as
copper, lead, zinc, silver, gold, manganese, uranium, or titanium,

RESERVES

Studies of mineral availability typically focus on reserves, those known deposits from
which usable minerals can currently be extracted legally and at a profit. In a broader
context, resources include reserves, plus the known, but subeconomic, mineral con-
centrations that might eventually be used, plus the undiscovered deposits, both eco-
nomic and subeconomic. The relationship between current demand and current reserves
varies widely among commodities, as documented in Table 1.

Reserve figures are not an adequate measure of long-term resource availability, be-
cause they vary with economic, social, and technological factors (see Chapter 1). In
undeveloped properties, and even in producing mines, the actual reserve situation is
often obscured by the economics of exploration and development because it may be a
poor investment of capital and sometimes an unwise tax strategy to block out reserves
that will not be mined for 20 or more years. Thus, reserve figures tend to be rather
conservative, and reserves tend to be replenished as demanded by commercial planning.
This in part explains why past pessimistic estimates of mineral availability based on
reserve figures have consistently been proven wrong. Nevertheless, yesterday's per-
formance does not justify complacency today regarding favorable long-term prospects
for resource supply, as the 1970's have so painfully proven for petroleum.
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